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PURPOSE. To evaluate incident cataract surgery in subjects who started hemodialysis for end-
stage renal disease.
METHODS. A nationwide propensity score–matched cohort study was performed by using a 12-
year longitudinal national health insurance database of 1,025,340 subjects. The hemodialysis
cohort was composed of patients who started hemodialysis between January 2003 and
December 2007 (n ¼ 291). The control cohort was composed of randomly selected patients
(5 per patient in the hemodialysis cohort; n ¼ 1467) who were matched to the hemodialysis
cohort according to a propensity score based on year of hemodialysis initiation, age, sex,
residential area, household income, and frequency of medical attention. Each selected patient
was followed up until 2013. Cox proportional hazard regression analysis was used to calculate
the overall hazard of hemodialysis initiation in regard to incident cataract surgery after
adjusting for the above factors, hypertension, and diabetes mellitus.
RESULTS. Starting hemodialysis was associated with increased incident cataract surgery (hazard
ratio [HR] ¼ 1.79; 95% confidence interval [CI], 1.34–2.41). Diabetes mellitus (HR ¼ 1.68;
95% CI, 1.22–2.32) also increased the incidence of cataract surgery. With respect to age, the
effect size of hemodialysis for incident cataract surgery was greater among younger adults
(aged <60 years; HR ¼ 5.32; 95% CI, 3.06–9.26) than among older adults (aged ‡60 years; HR
¼ 1.17; 95% CI, 0.79–1.72).
CONCLUSIONS. Patients who began hemodialysis for end-stage renal disease were more likely to
undergo cataract surgery than control subjects, and this risk was more pronounced in
younger patients.
Keywords: cataract, cataract surgery, end-stage renal disease, hemodialysis, NHIS-NSC 2002-
2013, renal impairment
The number of terminal kidney failure patients is growingworldwide at an average rate of 7% per year.1 In 120
countries, 1.479 billion patients suffered from end-stage renal
disease (ESRD) and its prevalence rate was 185 per million
people in 2002.2 Renal failure can be caused by various
pathologies, including acute kidney injury and chronic kidney
disease. Although these diseases are classified as ‘‘renal
impairment,’’ there is a significant distinction in pathophysiol-
ogy between hemodialysis-dependent and hemodialysis-inde-
pendent patients with renal impairment. Therefore, the
definition of renal failure is important for evaluating the
association between ophthalmic disease and renal impairment;
we defined renal impairment as the continuation of hemodial-
ysis for ‡3 months, as this parameter is indicative of ESRD.
Cataracts are the leading cause of vision loss worldwide3
even though cataract surgery is a highly cost-effective
intervention.4 Additionally, cataract identification and grading
can be very subjective, resulting in high interobserver variation.
Therefore, we evaluated incident cataract surgery to identify
cases of severe cataracts in need of surgery. Although various
risk factors for cataracts have been identified, to our
knowledge, only a limited number of studies have evaluated
the association between kidney function and cataracts, and the
results have been contradictory.5–15 Potential explanations for
cataract development in subjects on hemodialysis include
hypocalcemia,6,16 the accumulation of toxic metabolites,17
osmotic cataract formation resulting from water accumulation
in the lens caused by the trapping of urea,7 and oxidative
stress.18–20 The lens cortex18 and the posterior subcapsular
region21,22 may be the most sensitive areas to oxidative stress.
Recent studies appear to support an association of renal
impairment with cataracts12–15 and incident cataract sur-
gery.8,13,14,23 Recent, well-designed studies9 have demonstrated
that subjects with moderate or severe renal impairment
(creatinine clearance < 60 mL/minute/1.73 m2) are approxi-
mately 3-fold more likely to undergo cataract surgery relative to
subjects with normal or mildly impaired renal function
(creatinine clearance ‡ 60 mL/minute/1.73 m2) in younger
adults below 60 years of age. Nevertheless, a large-scale Asian
nationwide cohort study on ophthalmic disorders in a
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population with ESRD has not been undertaken because ESRD
is relatively rare. This propensity score–matched cohort study
investigated the association between incident cataract surgery
and the initiation of hemodialysis for ESRD by using a
representative nationwide sample of 1,025,340 adults from
the National Health Insurance Service National Sample Cohort
2002–2013 (NHIS-NSC 2002–2013) in South Korea.
SUBJECTS AND METHODS
Database
This nationwide propensity score–matched cohort study
design was reviewed and approved by the Institutional Review
Board of the National Health Insurance Service Ilsan Hospital,
Gyeonggi-do, Korea. This study adhered to the tenets of the
Declaration of Helsinki. All citizens in Korea are obligated to
enroll in the Korean National Health Insurance Service
(KNHIS), and nearly all of the data in the health insurance
system are centralized to a large database. This database
contains reimbursement records from all medical facilities,
including hospitals, private clinics, and public centers in South
Korea. Claims are accompanied by data regarding diagnostic
codes, procedures, prescription drugs, personal information
about the patient, information about the hospital, the direct
medical costs of both inpatient and outpatient care, and dental
services. All charges to the KNHIS are claimed via the Korean
electronic data interchange (KEDI) codes provided by all
medical providers (e.g., the KEDI code for ‘‘hemodialysis’’ is
O7020, and that for ‘‘surgery for cataract or lens-phacoemul-
sification’’ is S5119). This study used the NHIS-NSC 2002–2013
data, which were released by the KNHIS in 2015. This sample
includes 1,025,340 nationally representative randomly selected
subjects, representing approximately 2.2% of the entire
population included in the KNHIS in 2002. Proportionate
stratified random sampling was used based on a total of 1476
strata (2 categories for sex, 18 categories for age group, and 41
categories for income).
Hemodialysis Cohort Definition
The hemodialysis cohort included patients who claimed any
procedures or materials for hemodialysis, based on the KEDI
codes related to inpatient or outpatient care between January
2003 and December 2007. The KEDI codes for hemodialysis
are presented in Supplementary Table S1. We excluded
subjects who had claims for hemodialysis in 2002 to exclude
patients with chronic conditions and to ensure that the
hemodialysis cohort included only subjects with new episodes.
Additionally, we excluded subjects with a diagnosis of kidney
transplant failure and rejection (Korean Classification of
Disease [KCD] code T86.1) or kidney transplant status (KCD
code, Z94.0) between 2002 and 2007 as well as those who had
received a renal transplant (KEDI code R3280xxx) in this
period; the treatments associated with these codes would
likely include the use of immunosuppressants, which can
cause cataracts, and these patients may have had greatly
improved renal function after transplant. A previous study has
shown that a small portion (1.5%–5.6%) of patients who
received renal replacement therapy for more than 90 days
subsequently recovered sufficient renal function to stop
dialysis.24–27 Hemodialysis is usually performed in three
sessions per week; therefore, we only included patients with
more than 36 hospital visits (~90 days) for hemodialysis, based
on the KDEI codes, to produce a cohort of patients who
underwent hemodialysis for ESRD.
Definition of Incident Cataract Surgery
Incident cataract surgery included only routine cataract
surgery; claims of ‘‘surgery for cataract or lens-phacoemulsifi-
cation’’ (KEDI code S5119) and ‘‘intraocular lens implantation-
primary’’ (KEDI code S5117) on the same day were considered
simple cataract surgery in the absence of other operations,
such as partial vitrectomy. Incident cataract surgery was
defined as the first cataract surgery in either the right or left
eye.
Independent Variables
Cox regression models were adjusted for hypertension,
diabetes mellitus, age, sex, household income, geographic
location, and amount of medical attention (i.e., number of
hospital visits). The groups were stratified into two age
subgroups (<60 years and ‡60 years) for subgroup analysis.
Comorbidities that may be associated with an increased risk of
cataracts, such as hypertension and diabetes mellitus, were
diagnosed on the basis of the Korean Standard Classification of
Diseases.28,29 We defined these comorbidities as any diagnoses
between 2003 and 2013. To reduce surveillance bias (more
frequent medical attention is associated with higher rates of
cataract detection and recommendation for cataract surgery),
the amount of medical attention received within the 2 years
before enrolment was counted (0–9; 10–19; 20–29; 30–39; 40–
49; or ‡50 visits) and matched between groups.
Study Sample
We included patients who began hemodialysis before their
cataract surgery based on the visit date, which was considered
the index date. Eligible patients who began hemodialysis
between 2003 and 2007 were identified after excluding
potential preexisting cases of hemodialysis, renal transplant,
or incident cataract surgery. These cases were considered new
incident cases of hemodialysis (n ¼ 291). We selected 1467
patients (5 per patient in the hemodialysis cohort) from the
database of 1,025,340 patients who were matched to the
hemodialysis patients according to the propensity score based
on year of hemodialysis initiation, age, sex, residential area,
household income, and frequency of medical attention.
Statistical Analysis
Descriptive statistics of the study population are presented.
Propensity score matching was performed; we estimated the
propensity scores by performing a logistic regression to predict
hemodialysis occurrence considering sociodemographic fac-
tors such as age, sex, residential area, and household income,
as well as year of hemodialysis occurrence and frequency of
medical attention. Matching was performed by using the
greedy macro with the estimated propensity score; an 8-to-1
digit greedy matching algorithm was used to identify a unique
matched control for each patient in the hemodialysis cohort
according to the propensity score. Using this algorithm, if a
match could not be found, the algorithm then proceeded
sequentially to the next highest digit match (81 digit) of the
propensity score to make ‘‘next-best’’ matches. Once a match
was made, the match was not considered again. To identify the
hazards associated with incident cataract surgery, hazard ratios
(HRs) and 95% confidence intervals (CIs) were calculated by
using univariate and multivariate Cox proportional hazard
regressions. The multivariate model adjusted for hypertension,
diabetes mellitus, age, sex, residence, household income, and
frequency of medical attention. The proportional hazards
assumption was assessed by a Cox model with Schoenfeld
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residuals, and the assumption was not violated overall or in any
subgroup. The person-years for each group and incidence rate
per 1000 person-years were calculated. The overall cataract
surgery–free rate was described by using a Kaplan-Meier curve
for each year of the 11-year follow-up period. The follow-up
period started on the first date of hemodialysis for the cases
and on randomly selected visit dates in years matched to the
start of hemodialysis for the individuals in the control cohort.
The follow-up period ended at the first date of incident cataract
surgery or at the last follow-up date until 2013. A significance
level of 0.05 was selected. The statistical packages SAS for
Windows version 9.4 (SAS Institute, Inc., Cary, NC, USA) and
Stata/MP version 14.0 (StataCorp, College Station, TX, USA)
were used to perform the analyses in this study.
RESULTS
Table 1 displays the characteristics of the hemodialysis and
control cohorts. Overall, the hemodialysis subjects were more
likely to undergo cataract surgery (23.4% vs. 12.5%, P < 0.001).
As compared with the control cohort, cataract surgery was
more commonly performed on younger patients (<60 years
old) in the hemodialysis cohort but was similarly performed on
older patients (‡60 years old) in the hemodialysis cohort (P <
0.001 and 0.574, respectively). The patients in the hemodial-
ysis cohort were more likely to exhibit hypertension (P <
0.001) and diabetes mellitus (P < 0.001) than those in the
control cohort. No significant difference in the year of
enrolment, age, sex, residential area, household income, or
frequency of medical attention was detected between the two
groups, as these variables were used for matching.
Table 2 displays the HRs for incident cataract surgery, based
on the univariate and multivariate Cox regression models. After
adjusting for sociodemographic factors, frequency of medical
attention, and comorbidities including hypertension and
diabetes mellitus, subjects who began hemodialysis were
significantly more likely to undergo incident cataract surgery
(HR ¼ 1.79; 95% CI, 1.34–2.41) as based on multivariate Cox
regression analysis. Diabetes mellitus (HR¼1.68; 95% CI, 1.22–
2.32) was associated with new incident cataract surgery. With
respect to the sociodemographic characteristics, increasing
age, female sex, and higher frequency of medical attention
were significantly associated with incident cataract surgery.
Table 3 displays the results of subgroup analysis according
to age in which the patients were stratified into two subgroups,
younger than 60 years and 60 years or older, followed by
multivariate Cox regression after adjusting for possible
confounders, including hypertension and diabetes mellitus,
age group at 5-year intervals, sex, residential area, household
income, and frequency of medical attention. Among both
younger (aged <60 years) and older adults (aged ‡60 years),
the subjects who began hemodialysis were more likely to
undergo cataract surgery than the corresponding control
subjects (HR ¼ 5.32; 95% CI, 3.06–9.26 and HR ¼ 1.17; 95%
CI, 0.79–1.72, respectively). However, this difference between
groups of older adults was not significant. The predictive value
of hemodialysis for cataract surgery was significantly different
between age groups, based on the interaction effect evaluated
with the multivariate model (P < 0.001).
During the 11-year follow-up period (median, 7.1 years), a
total of 11,973 person-years were examined, including 1799
person-years for the hemodialysis cohort and 10,174 person-
years for the control cohort. Survival analysis revealed 37.8
(95% CI, 29.8–47.9) cases of cataract surgery per 1000 person-
years in the hemodialysis cohort and 18.0 (95% CI, 15.6–20.8)
cases of cataract surgery in the control cohort. Based on
subgroup analysis, there were 5.1 cases of incident cataract
surgery in the control cohort and 32.1 in the hemodialysis
cohort in the <60-year-old subgroup; there were 37.0 cases in
the control cohort and 46.5 cases in the hemodialysis cohort in
the ‡60-year-old subgroup. The Figure displays the Kaplan-
Meier survival curves for the cataract surgery–free rate, which
differed between the hemodialysis and control cohorts. In the
subgroups stratified according to age (<60 years and ‡60
years), notable differences in the rates of cataract surgery were
detected from the beginning of the follow-up period in the
younger subgroup (aged <60 years). In older adults (aged ‡60
years), a difference in the rates of cataract surgery was also
detected from the beginning of the follow-up period; however,
this difference was not significant after the 5-year follow-up
period.
DISCUSSION
In this study, we examined 1758 sociodemographically
matched subjects who were extracted from a nationwide
database of 1,025,340 randomly selected subjects. We found
that patients who began hemodialysis due to ESRD exhibited a
higher likelihood of incident cataract surgery during an 11-year
follow-up period after adjusting for the presence of hyperten-
sion and diabetes. Interestingly, the effect size (based on the
HR) of starting hemodialysis for incident cataract surgery was
greater among patients younger than 60 years (HR¼ 5.32) than
among patients 60 years or older (HR ¼ 1.17).
To the best of our knowledge, there have been only four
previous well-designed longitudinal epidemiologic studies
evaluating the association between kidney function and
incident cataracts. First, the Beaver Dam Eye Study (BDES)
involved a 5-year follow-up period12 and concluded that
abnormal renal function is not associated with incident
cataracts. Second, the Blue Mountain Eye Study involved a 5-
year follow-up period13 and reported that moderate or severe
renal impairment increases the risk of incident cataract surgery
(odds ratio [OR] ¼ 2.75; 95% CI, 1.06–7.14). However, the
authors of the latter study have found that creatinine levels are
not associated with incident cataract subtypes. The authors
emphasize that younger subjects who have moderate or severe
renal impairment (creatinine clearance < 60 mL/minute/1.73
m2) exhibit an increased risk of incident cataract surgery
relative to older adults. Third, the 15-year follow-up of the
BDES14 indicates that cystatin C is associated with cortical
cataracts (OR ¼ 1.24; 95% CI, 1.09–1.41) and posterior
subcapsular opacity (OR ¼ 1.24; 95% CI, 1.02–1.50) after
controlling for various confounders. Moreover, the blood urea
nitrogen/creatinine ratio is associated with posterior subcapsu-
lar opacity (OR¼1.22; 95% CI, 1.03–1.54). The researchers also
report a similar association of kidney variables with cataract
surgery and posterior subcapsular cataracts. The authors
suggest that the relative risk of cataract surgery is greater
among patients with posterior subcapsular cataracts. Fourth, a
methodologically similar study using data from a health
insurance database in Taiwan15 has reported that subjects with
chronic kidney disease are more likely to have cataracts than
control subjects (OR ¼ 1.24; 95% CI, 1.18–1.31). However, the
diagnoses of chronic kidney disease and cataracts were
obtained from the International Classification of Disease codes,
and their accuracy could not be ascertained. In summary, these
recent well-designed epidemiologic studies support an associ-
ation between renal impairment and incident cataracts.
An association between incident cataract surgery and
kidney function has also been reported in previous stud-
ies.8,13,14,23 The association between ESRD and incident
cataract surgery found in the present study may not necessarily
represent an effect on incident cataracts. Patients with ESRD
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may receive more medical care, and these frequent visits may
result in increased cataract surveillance and incident cataract
surgery. To control for this surveillance bias, we matched the
frequency of medical attention between the two cohorts.
Therefore, we believe this bias to be minimal. Despite this bias,
cataract surgery involves an ophthalmologist’s recommenda-
tion based on the likelihood of improvement in vision. In
addition to the importance of evaluating the association
between incident cataracts or cataract subtypes and renal
impairment, it is important to assess whether patients on
hemodialysis for ESRD have operable cataracts and whether
they might benefit from cataract surgery.
TABLE 1. Characteristics of the study population: control cohort (n¼1467) and hemodialysis cohort (n¼291)
Control Cohort,
No. (%)
Hemodialysis Cohort,
No. (%)
P
Value
Variables
Cataract surgery
All ages <0.001
No event 1284 (87.5) 223 (76.6)
Event 183 (12.5) 68 (23.4)
Age <60 y <0.001
No event 742 (96.0) 119 (77.3)
Event 31 (4.0) 35 (22.7)
Age ‡60 y 0.574
No event 542 (78.1) 104 (75.9)
Event 152 (21.9) 33 (24.1)
Hypertension <0.001
No 606 (41.3) 20 (6.9)
Yes 861 (58.7) 271 (93.1)
Diabetes mellitus <0.001
No 770 (52.5) 56 (19.2)
Yes 697 (47.5) 235 (80.8)
Variables used for matching
Year
2003 254 (17.3) 50 (17.2) >0.999
2004 260 (17.7) 52 (17.9)
2005 265 (18.1) 53 (18.2)
2006 291 (19.8) 58 (19.9)
2007 397 (27.1) 78 (26.8)
Age group, y 0.996
<50 409 (27.9) 83 (28.5)
50–59 364 (24.8) 71 (24.4)
60–69 444 (30.3) 88 (30.2)
‡70 250 (17.0) 49 (16.8)
Sex 0.761
Male 856 (58.4) 167 (57.4)
Female 611 (41.7) 124 (42.6)
Residence* 0.972
Seoul (metropolitan) 368 (25.1) 74 (25.4)
2nd area 316 (21.5) 62 (21.3)
3rd area 228 (15.5) 48 (16.5)
4th area 555 (37.8) 107 (36.8)
Household income 0.998
0–30% 365 (24.9) 72 (24.7)
30–70% 547 (37.3) 109 (37.5)
70–100% 555 (37.8) 110 (37.8)
Frequency of medical care use
0–9 240 (16.4) 48 (16.5) 0.999
10–19 170 (11.6) 33 (11.3)
20–29 320 (21.8) 66 (22.7)
30–39 284 (19.4) 54 (18.6)
40–49 254 (17.3) 50 (17.2)
‡50 199 (13.6) 40 (13.8)
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Cataract screening is generally recommended for renal
transplant recipients or pancreas–kidney transplant recipi-
ents.30,31 Young adults (aged <60 years) who started hemodi-
alysis were 5-fold more likely to receive cataract surgery than
the corresponding control subjects (Table 3). However, among
older adults (aged ‡60 years), a nonsignificant difference in the
incidence of cataract surgery was observed between the
hemodialysis and control cohorts. This finding suggests that
cataract screening might be needed in patients who begin
hemodialysis, especially among young adults below 60 years of
age, who may be more socioeconomically active than older
adults, and among renal transplant recipients.
Study Limitations
The limitations of this study include the following: (1) the
possibilities of surveillance bias and selection bias; (2) the
possibility that subjects who had received cataract surgery
before 2002 were included in the control cohort; (3) the
inability to collect data on cataract subtypes or grades; (4) the
possibility that chronic hemodialysis patients were not fully
excluded in 2002; (5) the inability to collect other important
health-related information, such as smoking history; (6) the
possibility that in the South Korean population, differences in
the medical environment, such as medical accessibility or the
national insurance system, might have led to distinct results; (7)
the limited analysis based on comorbidities and sociodemo-
graphic factors not considering the use of medication, such as
steroids; (8) the possibility of delayed cataract surgery because
of the poor general condition of the patients in the hemodialysis
cohort; and (9) the possibility of a lack of consistency in defining
cataract surgery and hemodialysis, based on the KEDI codes.
The most important limitation was the potential surveillance
bias as described in the the Discussion section. However, we
believe the surveillance bias to be minimal because we matched
the number of medical visits between the two cohorts. We
chose medical claim–based controls, who were more likely to
exhibit comorbidities than the general population, which
includes individuals who neither received medical care nor
had a specific diagnosis. Thus, a selection bias was present. It is
TABLE 2. Univariate and Multivariate Cox Regression Analyses of the Overall Incidence of Cataract Surgery During the 11-Year Follow-up Period (n
¼ 1758)
Variables
Univariate Cox Analysis Multivariate Cox Analysis
HR 95% CI P Value HR 95% CI P Value
Cohort
Control 1 (ref) 1 (ref)
Hemodialysis 2.10 1.59–2.78 <0.001 1.79 1.34–2.41 <0.001
Hypertension
No 1 (ref) 1 (ref)
Yes 3.55 2.51–5.01 <0.001 1.41 0.95–2.09 0.085
Diabetes mellitus
No 1 (ref) 1 (ref)
Yes 3.25 2.43–4.34 <0.001 1.68 1.22–2.32 0.001
Age group, y
<50 1 (ref) 1 (ref)
50–59 2.35 1.41–3.92 0.001 1.75 1.02–2.99 0.041
60–69 6.32 4.01–9.97 <0.001 4.12 2.51–6.77 <0.001
‡70 8.31 5.11–13.51 <0.001 5.18 3.01–8.91 <0.001
Sex
Male 1 (ref) 1 (ref)
Female 0.95 0.74–1.22 0.702 1.31 1.06–1.62 0.012
Residence*
Seoul (metropolitan) 1 (ref) 1 (ref)
Second area 0.84 0.59–1.20 0.334 0.84 0.59–1.20 0.337
Third area 0.80 0.55–1.18 0.266 0.95 0.64–1.40 0.776
Fourth area 0.77 0.56–1.05 0.095 0.76 0.56–1.05 0.101
Household income
0%–30% 1 (ref) 1 (ref)
30%–70% 1.31 0.93–1.85 0.126 1.18 0.83–1.67 0.366
70%–100% 1.64 1.17–2.31 0.004 1.00 0.70–1.42 0.998
Frequency of medical attention
0–9 1 (ref) 1 (ref)
10–19 0.98 0.52–1.85 0.941 0.93 0.49–1.76 0.815
20–29 1.97 1.21–3.21 0.006 1.20 0.72–1.98 0.485
30–39 2.23 1.36–3.66 0.001 1.34 0.80–2.24 0.272
40–49 2.44 1.48–4.02 <0.001 1.38 0.81–2.33 0.233
‡50 4.41 2.72–7.16 <0.001 1.77 1.04–2.99 0.034
* Seoul is a metropolitan area in Korea; the second area included the largest province; the third area included the second largest city as well as
the second and third largest provinces; and the fourth area included other areas.
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TABLE 3. Multivariable Cox Regression of the Overall Incidence of Cataract Surgery According to Age Group During the 11-Year Follow-up Period
(n¼ 1758)
Variables
Aged <60 y (n ¼ 927) Aged ‡60 y (n ¼ 831)
HR 95% CI P Value HR 95% CI P Value
Cohort
Control 1 (ref) 1 (ref)
Hemodialysis 5.32 3.06–9.26 <0.001 1.17 0.79–1.72 0.432
Hypertension
No 1 (ref) 1 (ref)
Yes 1.77 0.80–3.89 0.156 1.07 0.69–1.66 0.762
Diabetes mellitus
No 1 (ref) 1 (ref)
Yes 1.79 0.94–3.41 0.074 1.53 1.07–2.20 0.020
Age group, y
<50 1 (ref)
50~54 1.82 0.98–3.41 0.059
55~59 1.75 0.91–3.35 0.093
60~64 1 (ref)
65~69 2.02 1.38–2.95 <0.001
70~74 1.96 1.25–3.08 0.003
‡75 1.95 1.18–3.24 0.010
Sex
Male 1 (ref) 1 (ref)
Female 1.34 0.96–1.86 0.083 1.27 0.96–1.68 0.092
Residence*
Seoul (metropolitan) 1 (ref) 1 (ref)
Second area 1.55 0.69–3.46 0.287 0.74 0.49–1.11 0.144
Third area 2.03 0.93–4.42 0.075 0.65 0.39–1.09 0.104
Fourth area 1.18 0.55–2.54 0.669 0.69 0.47–0.99 0.045
Household income
0%–30% 1 (ref) 1 (ref)
30%–70% 1.26 0.66–2.41 0.484 1.21 0.78–1.88 0.405
70%–100% 1.04 0.49–2.21 0.909 0.97 0.870
Frequency of medical attention
0–9 1 (ref) 1 (ref)
10–19 1.54 0.59–4.02 0.379 0.72 0.29–1.81 0.489
20–29 1.33 0.51–3.49 0.564 0.97 0.52–1.79 0.919
30–39 2.35 0.97–5.68 0.058 0.99 0.52–1.87 0.966
40–49 2.67 1.06–6.70 0.037 0.92 0.48–1.77 0.811
‡50 7.78 3.08–19.66 <0.001 1.01 0.53–1.90 0.979
* Seoul is a metropolitan area in Korea; the second area included the largest province; the third area included the second largest city as well as
the second and third largest provinces; and the fourth area included other areas.
FIGURE. Kaplan-Meier survival curves for the hemodialysis cohort and the control cohort during the 11-year follow-up period (median, 7.2 years).
The cataract surgery–free rates in all age groups (A), subjects aged <60 years (B), and subjects aged ‡60 years (C) are provided.
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possible that patients previously received cataract surgery
outside the study period of 2002–2013. Therefore, if someone
received cataract surgery in both eyes before 2002 and was
included in the control cohort, cataract surgery would not occur
in these subjects during the study period. However, age should
not have been a confounding factor in age-related cataract
formation because age was controlled via matching. As
expected, diabetes mellitus, which is a well-known risk factor
for cataract formation,28 was more prevalent in the hemodialysis
cohort (Table 1). To control for this confounder, we included
comorbidities in the multivariate model. Therefore, we believe
the effect of comorbidities was well adjusted. Each cataract
subtype exhibits distinct physiologic characteristics and etiolog-
ic factors,32 and this variability might represent a major
limitation of the present study, in which it was not possible to
determine the cataract subtype. Furthermore, cataract surgery is
applied to cataracts that require intervention, and the grading of
cataracts may include the possibility of misclassification. Despite
these biases and the impossibility of determining the cataract
subtype in the included patients, cataract surgery involves an
ophthalmologist’s evaluation and determination of the possibil-
ity of vision improvement. Therefore, we emphasize that the
higher rate of incident cataract surgery among hemodialysis
patients was a result of the judgment of the ophthalmologist. We
excluded medication use, such as cumulative steroid use, from
the analysis because of its complexity. However, the mean
cumulative steroid dose, which is one of the most important risk
factors for cataract formation, between the hemodialysis and
control cohorts was similar as based on our explanatory analysis
(107.6 mg for the control cohort versus 101.2 mg for the
hemodialysis cohort, based on dose conversion using predni-
sone equivalents; P¼0.747). Further study is needed to evaluate
the association between medication use and cataract formation.
Validation of the KEDI codes has not yet been performed.
However, the increased cataract surgery rate in the control
cohort (Fig. 1) partially shows the validity of the KEDI codes.
Every claim via KEDI codes was reviewed by the Health
Insurance Review and Assessment System (HIRA), and HIRA
requests that medical providers resubmit and modify inappro-
priate claims on the basis of their own ‘‘big data’’ screening
methods (not open to the public).
We conclude that patients who began hemodialysis
exhibited a significantly higher rate of incident cataract surgery
than control patients during an 11-year follow-up period after
adjusting for hypertension and diabetes mellitus. Interestingly,
the hemodialysis cohort exhibited an approximately 5-fold
higher HR in young adults (<60 years) relative to the control
cohort. Thus, it is important for both nephrologists and
ophthalmologists to recommend cataract screening. In partic-
ular, we should screen hemodialysis patients younger than 60
years as well as older adults because cataracts are not common
in younger adults. Otherwise, such individuals may be left in an
untreated state of poor vision.
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